Objective: To compare, through computed tomography, alveolar bone thickness changes at the maxillary incisors area during orthodontic treatment with and without tooth extraction.
INTRODUCTION
Orthodontic movement can be quick or slow, depending on the physical characteristics of the applied force, the size and the biological response of the periodontal ligament. 1 According to Vardimon, Oren and Ben-Bassat, 2 there is an axiom in orthodontics that says: "tooth movement leaves marks on the bone", however, this fact is not always favorable. In vertical direction, during tooth extrusion, the changes in the underlying bone tissue may not follow tooth displacement, leading to an increase in clinical length of the tooth crown, otentimes undesirable. In transverse and anteroposterior directions, bone dehiscence and fenestration have been reported when the incisors are either protruded or retracted. 3, 4 According to Handelman, 5 labial and lingual/ palatal bone cortical plates at incisors' apexes may represent anatomical limits to orthodontic tooth movement. The literature has speculated that protrusion and vestibularization of the maxillary incisors may produce labial bone cortical dehiscence while teeth retraction afects the palatal bone plate, although this would be reversible only if the teeth returned to their original position. 6 Designing the limits of tooth movement before beginning the orthodontic treatment may be extremely beneicial, especially in situations in which skeletal discrepancy is severe or the maxilla and/or mandible can accommodate, in a limited way, the repositioning of the teeth ater orthodontic movement. 5, 7 To detect bone levels, the following methods may be used: periapical radiographs, lateral cephalograms and panoramic radiographs. Notwithstanding, bidimensional radiographs reveal some limitations, such as image superimposition and distortions as well as the inability of measuring bone thickness in panoramic and periapical radiographs. 7, 8 Taking these factors into account, computed tomography (CT) has been considered of paramount importance for diagnosing initial bone levels as well as bone level changes during orthodontic treatment. 9, 10 The aim of this study was to compare, through computed tomography, the alveolar bone thickness changes at the maxillary incisors area during orthodontic treatment with or without maxillary premolar extractions.
MATERIAL AND METHODS

Sample
Twelve patients of both genders were selected in the orthodontic clinic Paulo Picanço. Inclusion criteria were: 1) permanent dentition; 2) absence of systemic disease that may alter bone metabolism; 3) nonsmoker; 4) patients who are not using steroid-based drugs; 5) absence of chronic kidney disease; 6) if female, patients who do not present low level of estrogen; 7) presence of all six maxillary anterior teeth; 8) patients who have not undergone tooth trauma, alveolar bone fracture or luxation in maxillary incisors; 9) patients who do not present a prosthetic crown on maxillary incisors; 10) absence of alveolar clet in the maxillary anterior area.
The sample was divided into two groups: G1 -6 patients (5 male; 1 female) with mean initial age of 15.83 ± 4.87 years, presenting Class II malocclusion, treated with 2 maxillary premolar extractions during a mean period of 2.53 ± 0.49 years; G2 -6 patients (5 male; 1 female), with mean initial age of 18.26 ± 6.42 years, 3 showing Class I and 3 Class II malocclusion, treated without extractions during a mean treatment period of 2.39 ± 0.66 years.
Patients were treated by post-graduation students oriented by the same professor, following the same diagnosis pattern, treatment planning and orthodontic mechanics (Edgewise, 0.018 x 0.025-in brackets -Morelli -Sorocaba, SP, Brazil).
Methods
Computed tomographies were performed at the beginning of the orthodontic treatment (T 1 ) and 18 months after the treatment had started, (T 2 ). The exams confirmed extraction space closure. Additionally, periapical radiographs were performed at T 1 and T 2 using the parallelism technique in order to evaluate external root resorption of the maxillary incisors. Lateral cephalograms were performed to evaluate anteroposterior and vertical changes as well as the inclination of these teeth.
For cephalograms and tomographs evaluation, image digitalization and measurement processing, Dolphin Imaging Premium 10.5 software (Dolphin Imaging & Management Solutions, Chatsworth, CA, USA) was used.
UL (labial) and UP (palatal) variables were obtained from the long axis of the maxillary incisor and a point of reference (zero point) marked at the enamelcementum junction (ECJ). From this point of reference, three lines were traced towards apical direction, with a 3 mm interval, up to the most external limit of the labial (UL) and palatal (UP) alveolar bone, perpendicularly to the tooth long axis (Fig 1). original article Picanço PRB, Valarelli FP, Cançado RH, Freitas KMs, Picanço GV On the lateral cephalograms, the following variables were analyzed: 1-PTV incisal, 1-PTV apical, FMA, PFH/AFH, Wits, 1.NA, H-11 and UL+UP.
The degree on initial and inal root resorption was analysed through periapical radiographs, based on the scores of Levander and Malmgren's score system: 11 0 -lack of root resorption; 1 -presence of apical irregularities; 2 -presence of root resorption up to 2 mm; 3 -presence of root resorption from 2 mm to one third of the root original length; 4 -presence of root resorption greater than one third of the original length of the root. Root length was obtained from measuring the distance from root apex to ECJ, following the incisor long axis (Fig 2) .
Method error
To determine intraexaminer error, both lateral cephalograms and tomographies were reevaluated in 6 randomly selected patients ater a month interval. Systematic error was determined by dependent t test while casual error was determined by the Dahlberg's formula. Kappa test was used to establish root resorption score error.
Statistical analysis
The With regard to root resorption degree, there were no significant differences between groups at any of the evaluated periods (Table 8) . DISCUSSION Handelman 5 claims that a thin tooth alveolus or an inappropriate alveolar cavity for the amount of desirable tooth movement must be considered as a risk for
RESULTS
The 1-PTV apical variable showed the greatest casual error (1.57 mm). Systematic error occurred only for the following variables: 1-PTV incisal and UP middle. Kappa coefficient demonstrated a concordance percentage of 90%.
There were differences in the distribution of the malocclusion type between groups ( Table 1 ). The groups were compatible regarding gender, initial and final ages as well as treatment period (Table 2) .
At the initial stage (T 1 ), only 1-PTV apical showed statistically significant difference between groups, indicating that in G1 the maxillary incisor was more protruded than in G2 ( Table 3) .
The comparison between G1 (treated with two maxillary premolar extractions) stages (T 1 and T 2 ) demonstrated that there was a decrease in the crown-root ratio and in the central incisor length, a retraction of these teeth both in apical (1-PTV apical) and incisal (1-PTV incisal) measurements, a decrease in anteroposterior discrepancy (ANB), an increase of the UL cervical (labial cervical third) measurement and decrease of the UP cervical (palatal cervical third) and UP middle (palatal middle third) measurements (Table 4) .
In G2 (treated without extractions), the comparison between T 1 and T 2 demonstrated that there was a decrease in the crown-root ratio, in the central incisor length, in FMA angle, in the relation between posterior and anterior face height, vestibularization of the maxillary incisors (1.NA) and a decrease in the UP middle measurement as well (Table 5) .
At T 2 , there was statistically significant difference between the groups in two variables: 1-PTV incisal and UL cervical. The difference in 1-PTV incisal indicated that, at the end of the treatment, central incisors in G1 were more retruded than in G2 while the difference in UL cervical showed higher bone thickness at this area in G1 than in G2 (Table 6) .
With regard to treatment changes (T 2 -T 1 ), the 1-PTV incisal, 1-PTV apical and 1.NA measurements were statistically signiicant diferent between groups, revealing that G1 showed maxillary incisor's retraction and uprighting while G2 exhibited this tooth protrusion and vestibularization (Table 7) . Additionally, UL cervical measurement was also signiicantly diferent between groups indicating an increase of labial bone thickness in G1 when compared to G2 (Table 7) . Table 6 -Intergroup comparison of the studied variables at the final stage (T 2 ) (independent t tests). Table 7 -Intergroup comparison of the studied variables concerning treatment changes (T 2 -T 1 ) (independent t tests).
*Statistically significant difference (P < 0.05). *Statistically significant difference (P < 0.05). the occurrence of unfavorable sequelae to orthodontic movement, especially fenestration, bone dehiscence and root resorption. This information can inluence the patient's treatment planning which, prior to orthodontic treatment, can be diagnosed as unfavorable to great teeth movement. The tridimensional analysis provided by computed tomography is of great importance for an accurate assessment of craniofacial morphology because through this examination, it is possible to obtain more reliable information on the dimensions and levels of facial bone tissues when compared to traditional bidimensional examinations. Moreover, CT is considered as a noninvasive, fast, high-accurate diagnosis method. 7, 12, 13 It is important to underline the diiculty and the merit of obtaining a sample comprising 12 patients not only examined with lateral cephalograms, computed tomographies and periapical radiographs at the beginning of the treatment and ater 18 months, but also who meet the aforementioned inclusion criteria of this study methodology. As the study was accomplished using CT, which is diicult to be obtained due to the cost and the ethical question concerning radiation exposure, the sample of 12 patients,, is considered acceptable.
Methods
Measurements were performed on the maxillary central incisor because this is the tooth that shows more resorption during orthodontic movement. 14, 15 Periapical radiograph was the examination chosen to evaluate root resorption because it presents less distortion and more details when compared to panoramic radiograph and lateral cephalograms. Lateral cephalograms were used to obtain standard cephalometric measurements as well as to measure the alveolar thickness at the apical area of the right maxillary central incisor from a linear distance traced parallel to the palatal plane extending from labial to palatal cortical plate. Computed tomography was performed by two different radiology centers, by the same examiner in each one of them. CTs were obtained during T 1 (the beginning of the orthodontic treatment) and T 2 (ater tooth extraction space closure). CT scans were used to evaluate bone thickness at the cervical, middle and apical thirds of the root of the right maxillary central incisor, tracing three lines parallel to the ECJ plane at a 3 mm interval. These measurements aimed to identify lack of bone tissue which may indicate fenestration or bone dehiscence. Fenestration is the lack of bone tissue in a restricted area of the tooth root 16 while dehiscence occurs when the lack of bone involves the alveolar bone ridge. 16 
Results
The results demonstrate that there was no diference between genders, i.e., the intergroup comparison showed compatibility regarding the number of males and females in each group. Additionally, there was no diference concerning the variables "age" and "treatment period". Considering the variable "malocclusion type", the samples were not compatible at the beginning of the treatment. G1 exhibited 3 patients with Class II malocclusion which did not inluence the results of this study because the objective was to evaluate the changes in bone thickness at incisors area during the retraction of the anterior teeth, i.e., the importance was in performing or not the retraction of the anterior teeth regardless of the malocclusion type.
Regarding the variables studied during T 1 , only 1-PTV demonstrated statistically signiicant diference. This occurred because G2 presented less protrusion of maxillary anterior teeth when compared to G1. This result was already expected, since great dentoalveolar protrusion of G1 patients probably inluenced the decision to perform teeth extraction in this group. Premolar extractions have been frequently employed aiming to reduce dentoalveolar protrusion. 17 During treatment, G1 (with extractions) underwent changes in the crown-root ratio, maxillary incisor length, 1-PTV incisal, 1-PTV apical and in the maxillomandibular relationship. These changes were expected due to premolar extractions and space closure caused by retraction of the maxillary anterior teeth. 18 Alveolar bone thickness at the labial cervical third (UL cervical) signiicantly increased. Bone thickness decreased at the palatal cervical and middle thirds (UP cervical and UP middle).
original article Picanço PRB, Valarelli FP, Cançado RH, Freitas KMs, Picanço GV As Handelman 5 reported, tooth movement can alter the distance between alveolar cortical plates in relation to the roots of the orthodontically moved teeth, i.e., the anteroposterior movement of the incisors can lead to bone loss in the direction of the movement. 19 The changes occurring in G2 (without extractions), during the treatment phase, were signiicant in the following variables: crown-root ratio, incisor length, FMA, PFH-AFH, 1.NA, and UP middle. Similarly to G1, there were signiicant root resorptions in the studied teeth due to tooth movement during treatment. 20, 21 The maxillary incisors presented signiicant vestibularization. This occurred for two main reasons: the incisors alignment that were slightly crowded and the Curve of Spee latting during treatment.
At the inal stage (T 2 ), the results of the studied variables indicated a statistically signiicant diference in two variables: 1-PTV incisal and UL cervical. At this stage, 1-PTV incisal of G2 was greater than 1-PTV incisal of G1, indicating that in G2, the maxillary central incisors were more protruded at the end of the treatment than those of G1. This occurred due to the sum of the statistically signiicant retraction (1-PTV incisal and 1-PTV apical) sufered by the incisors of G1 and the vestibularization (1.NA) sufered by the incisors of G2 during the treatment period (Tables 4 and 5 ). UL cervical also presented a statistically signiicant diference between Groups at T 2 . The maxillary incisors of G1 presented a statistically signiicant decrease of the labial alveolar bone thickness at the cervical third in relation to the maxillary incisors of G2. This efect occurred because G1 (with extractions) underwent maxillary incisors retraction during treatment and G2 (without extractions) presented only vestibularization of these teeth.
The intergroup comparison concerning the variables changes occurring as a result of the treatment (Table 7) demonstrates that 1-PTV incisal and 1-PTV apical exhibited statistically signiicant diferences. With regard to the 1-PTV incisal, the group with extractions presented a maxillary incisor retraction of 11.33 mm while the group without extractions presented a protraction of 7.61 mm. In respect to 1-PTV apical, the group with extractions presented a maxillary incisor retraction of 8.40 mm while the group without extractions presented a protraction of 5.13 mm. The sum of these changes resulted in the statistically diferences showed by these variables in relation to these groups of study.
Such diferences have already been proved by several previous studies comparing dentoskeletal changes between extraction and nonextraction cases. 22, 23, 24 The inclination of the incisors evaluated by the variable 1.NA also underwent a statistically signiicant diference between groups. While in G1 the incisors showed a palatal change of 6.97°, in G2, without extractions, the incisors were vestibularized in 3.57°. This result was expected, since G1 presented retraction of maxillary incisors during the extraction space closure and G2 had these teeth vestibularized by the alignment and leveling of the teeth that presented mild crowding and overbite, as described above.
According to Lupi, Handelman and Sadowsky, 25 both the treatment carried out with extractions and the amount of force used for orthodontic movement may inluence alveolar bone loss. These authors also claim that bone dehiscence and fenestration have been reported when the incisors are protracted or retracted; maxillary incisor protraction produces a dehiscence in labial alveolar bone while its retraction afects the palatal alveolar ridge. 25 The change in UL cervical also showed a signiicant diference between groups. In G1, labial bone thickness at the cervical area presented an increase of 0.67 mm while in G2 bone thickness decreased 0.06 mm. These changes were also expected due to the same aforementioned reasons. The other variables analyzed on CT scans, aiming to assess the alveolar bone thickness at other root areas, did not undergo any signiicant changes between groups, therefore demonstrating strong evidence that the alveolar cortical plates could be submitted to re-anatomization, modifying their shape and position.
2,26
These results do not agree with the hypothesis of Hadelman regarding the limitation of tooth movement by alveolar cortical plates, 5 showing that alveolar bone remodeling is possible during tooth movement induced by biological forces.
External root resorption
External root resorption is one of the consequences caused by orthodontic movement. This study evaluated the degree of external root resorption through the scores proposed by Levander and Malmgren in 1988. 11 According to Cheng et al 27 one of the biological factors inluencing inlammatory root resorption during orthodontic movement is the root morphology, moreover, age, gender, metabolism velocity and tooth anomaly,
Comparison of the changes of alveolar bone thickness in maxillary incisor area in extraction and non-extraction cases: Computerized tomography evaluation original article factors which the clinician cannot control, also inluence inlammatory root resorption during orthodontic movement. Factors related to the treatment are: amount of movement, treatment time and the magnitude of the applied force. 28, 29 This study did not ind statistically signiicant differences in root resorption between the groups, however, it is not advisable to airm that these resorptions did not occur or were not clinically important. According to some authors, patients submitted to retraction of anterior teeth through lingual root torque presenting low bone thickness, i.e., small alveolar width, clinically demonstrate a decrease in alveolar bone thickness and a greater tendency towards external root resorption.
2,30
CONCLUSIONS
There were no changes in alveolar bone thickness when extractions and nonextraction cases were compared, except for labial alveolar bone thickness at the cervical third of the maxillary incisors.
